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Abstract : The results on 0°C isotherm height over Trivandrum, Mumbai. Ciuwahali and 
Lucknow are presented in this paper It is seen that 0°C isotherm height is maximum during 
monsoon months and minimum during winter season The variation of 0°C isotherm height has 
also been discussed in relation to local weather characteristics On the basis of rain height in 
relation to 0°C and rain rate measurements, the results on attenuation of radiowave due to rain at 
five different frequencies lying in the range between 10 GHz and 400 GHz for earth space path 
over Calcutta have been derived and also presented in this paper
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I. Introduction
R a i n  h e i g h t  i s  o n e  o f  t h e  i m p o r t a n t  p a r a m e t e r s  n e e d e d  f o r  e s t i m a t i o n  o f  a t t e n u a t i o n  o f  
r a d i o w a v e  i n  s a t e l l i t e  c o m m u n i c a t i o n  a n d  r a d a r  p r o p a g a t i o n .  T h e r e  i s  d e a r t h  o f  d a t a  o n  r a i n  
h e i g h t  o v e r  t h e  I n d i a n  s t a t i o n s .  H o w e v e r ,  s o m e  r e s u l t s  o n  r a i n  h e i g h t  w e r e  r e p o r t e d  r e c e n t l y  
h y  S a r k a r  et al [ 1] ,  o v e r  B a n g a l o r e ,  C a l c u t t a  a n d  D e l h i .  I t  i s  w e l l  k n o w n  a t  p r e s e n t  t h a t  r a i n  
h e i g h t  c a n  b e  t a k e n  a s  0 ° C  i s o t h e r m  h e i g h t  [ 2 - 4 ] .  S u c h  r e s u l t s  c a n  b e  o b t a i n e d  f r o m  t h e  
u p p e r  a i r  m e a s u r e m e n t s .  T h e  u p p e r  a i r  o b s e r v a t i o n s  a r e  t a k e n  t w i c e  a  d a y ,  o n e  a t  0 0 ( ) 0  
f i M T  a n d  t h e  o t h e r  a t  1 2 0 0  G M T ,  c o r r e s p o n d i n g  t o  e a r l y  m o r n i n g  a n d  l a t e  e v e n i n g  l o c a l  
t i m e
T h e  r e s u l t s  o n  0 ° C  i s o t h e r m  h e i g h t  o v e r  s o m e  m o r e  s t a t i o n s ,  n a m e l y ,  T r i v a n d r u m ,  
M u m b a i ,  G u w a h a t i  a n d  L u c k n o w  f o r  d i f f e r e n t  s e a s o n s  a r e  p r e s e n t e d  i n  t h i s  p a p e r .
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T r i v a n d r u m  ( 8 . 2 9 ° ,  7 6 . 5 7 ° )  a n d  M u m b a i  ( 1 9 . 0 7 ° ,  7 2 . 5 1 ° )  a r e  c o a s t a l  s t a t i o n s  l o c a t e d  m  
s o u t h  w e s t  c o a s t  a n d  w e s t  c o a s t  o f  I n d i a  h a v i n g  s t a t i o n  e l e v a t i o n  - 6 4  m  a n d  - 1 4  IT1 
r e s p e c t i v e l y .  G u w a h a t i  ( 2 6 . 1 1 ° ,  9 1 . 4 5 ° )  i s  l o c a t e d  i n  n o r t h  e a s t  r e g i o n  o f  I n d i a  a n d  h a v i n y  
s t a t i o n  e l e v a t i o n  - 5 4  m ,  w h i l e  L u c k n o w  ( 2 8 . 5 2 ° ,  8 8 . 2 0 ° )  i s  s i t u a t e d  i n  n o r t h e r n  p l a i n s  w i t h  
a n  a l t i t u d e  - 1 2 8  m .
I t  i s  s e e n  t h a t  t h e  0 ° C  i s o t h e r m  h e i g h t  i n  a l l  m o n t h s  v a r i e s  f r o m  2 . 4 9  k m  t o  5 . 9 8  k m  
o v e r  t h e s e  s t a t i o n s .  T h e  v a r i a t i o n  i n  0 ° C  i s o t h e r m  h e i g h t  i n  d i f f e r e n t  s t a t i o n s  d u r i n g  w i n t e r  
i s  a p p r e c i a b l e .  T h e  0 ° C  i s o t h e r m  h e i g h t  v a r i e s  b e t w e e n  - 2 . 7 5  k m  a n d  5 . 8 2  k m  o v e r  t h e s e  
s t a t i o n s  d u r i n g  s u m m e r  m o n t h s .  B a s e d  o n  r a i n  h e i g h t  i n  r e l a t i o n  t o  ( ) ° C  i s o t h e r m  h e i g h t  a n d  
m e a s u r e d  r a i n  r a t e  o v e r  C a l c u t t a ,  a t t e n u a t i o n  o f  t h e  r a d i o  w a v e  d u e  t o  r a i n  a t  f i v e  d i f f e r e n t  
f r e q u e n c i e s  l y i n g  i n  t h e  r a n g e  1 0  G H z  t o  4 0 0  G H z  h a s  b e e n  o b t a i n e d  a n d  p r e s e n t e d  i n  t h i s  
p a p e r .  T h e  d i s t r i b u t i o n s  o f  0 ° C  i s o t h e r m  h e i g h t  o v e r  d i f f e r e n t  s t a t i o n s  h a v e  b e e n  d i s c u s s e d  
i n  l i g h t  o f  p r e v a i l i n g  w e a t h e r  c h a r a c t e r i s t i c s  o v e r  t h e  s t a t i o n s .  T h e  d e t a i l s  o f  t h e  W a t h e i  
c h a r a c t e r i s t i c s  a r e  p r e s e n t e d  i n  T a b l e  1.
Table 1. Weather characteristics over Trivandrum (TRVN), Mumbai (BMB), Guwahan (t 
and Lucknow (LKN)
TRVN BOM GHT
Temp
QC
LKN
Humi­
dity
%
Rain
tall
mm
Temp
°C
Humi­
dity
%
Rain
fall
mm
Temp
°C
Humi­
dity
%
Rain
fall
mm
Temp
°C
Humi­
dity
%
Rain
fall
mm
Jan 25 77 20 20 63 1 16 86 17 12 84 3?
29 63 27 48 18 74 58
Feb 25 79 20 21 61 9 18 73 9 15 66 10
29 63 28 45 22 58 24 39
Mar 27 80 43 25 65 1 23 66 73 22 52 14
30 66 30 50 26 53 30 29
Arp 28 HI 122 28 67 4 26 68 136 28 33 1
29 73 31 57 ■ 29 57 36 18
May 27 84 248 30 69 20 27 79 276 32 37 14
29 77 31 65 29 72 39 20
June 26 90 331 28 80 647 28 84 351 32 59 71
27 82 30 74 29 80 37 41
July 25 89 215 27 86 945 28 85 373 29 83 338
27 81 28 82 29 81 31 74
Aug 25 88 164 26 87 660 29 85 294 29 86 329
27 78 27 82 29 82 30 80
Sep 26 86 123 26 86 309 28 83 190 28 81 158
27 77 28 75 28 84 30 72
Ocl 26 87 271 27 75 117 26 83 86 25 71 57
27 80 30 65 26 85 28 60
Nov 26 87 207 25 61 7 22 83 8 18 65 8
27 78 29 53 22 85 23 52
Dec 25 80 73 22 62 .9 17 86 7 12 80 2
28 69 28 50 19 83 19 59 ___
In temperature and humidity columns upper values pertain to 0000 GMT and lower values pertain to
1200 GMT
2. Distribution of 0 ° C  isotherm height in relation to local weather characteristics
The* p r o b a b i l i t y  d i s t r i b u t i o n s  o f  0 ° C  i s o t h e r m  h e i g h t  f o r  s u m m e r ,  m o n s o o n ,  p o s t  m o n v . o n  
a n d  a l l  m o n t h s  o v e r  T r i v a n d r u m  a r c  i l l u s t r a t e d  i n  F i g u r e  1.  I t  i s  f o u n d  t h a t  t h e  0  C  i s o t h e i m  
h e i g h t  d u r i n g  a l l  m o n t h s  v a r i e s  i r o i n  - 3 . 2 5  k m  t o  5  9 0  k m .  T h e  0  C  i s o t h e r m  h e i g h t  i s  
- 4  8 0  k m  a t  5 0 9 1 ,  p r o b a b i l i t y  l e v e l  o v e r  T r i v a n d r u m  A c t u a l l y ,  it m e a n s  t h a t  5 0 9 1  o l  t h e  
l i m e  o r d i n a t e  v a l u e  i.e. 0 ° C  i s o t h e r m  h e i g h t  ( 4  8 0  k m )  i s  e x c e e d e d
S o m e  m o r e  r e s u l t s  o n  0 ° C  is o th e r m  h e ig h t  e tc  (v-H
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Figure I. Probability disinbuiiun of 0°C isotheim height during d if fe re n t seasons uvei 
Trivandrum
T h e  ( ) ° C  i s o t h e r m  h e i g h t s  d u r i n g  m o n s o o n  m o n t h s  a r c  f o u n d  t o  v a r y  b e t w e e n  
'  2 5  k m  a n d  5 . 6 5  k m ,  w h i l e  t h e y  v a r y  b e t w e e n  - 2 . 8 5  k m  a n d  6 . 2 5  k m  f r o m  1 9\ a n d  9 9 l/i 
p r o b a b i l i t y  l e v e l s  d u r i n g  n o n - m o n s o o n  m o n t h s .  T h e  r e s u l t s  o n  0 UC  i s o t h e r m  h e i g h t  r e p o r t e d  
l i c ie  a r c  u s e f u l  t o  e s t i m a t e  t h e  t o t a l  a t t e n u a t i o n  o v e r  e a r t h  s p a c e  p a t h  i n  f r e q u e n c i e s  v a r y i n g  
• m m  ~ 1 0  G H z  t o  1 0 0  G H z  p r o v i d e d  t h e  d i s t r i b u t i o n s  o f  r a i n  r a l e  o v e r  T r i v a n d r u m  a r c  a l s o  
k n o w n
T h e  w e a t h e r  c h a r a c t e r i s t i c s  o v e r  T r i v a n d r u m  i n d i c a t e  t h a t  t h e r e  i s  n o t  m u c h  
f i l i a t i o n  o f  g r o u n d  t e m p e r a t u r e  d u r i n g  a l l  m o n t h s  i n  T r i v a n d r u m .  T h e  m o n t h s  o t  
D e c e m b e r ,  J a n u a r y  a n d  F e b r u a r y  i n  a  y e a r ,  c o n s t i t u t e  w i n t e r  p e r i o d .  T h e  a v e r a g e  
^ m p e r u l u r c s  i n  T r i v a n d r u m  i n  D e c e m b e r ,  J a n u a r y  a n d  F e b r u a r y  a r c  ~ 2 5 ° C ,  25,JC a n d  2 5  C 
0000  G M T  a n d  - 2 8 ° C ,  2 9 ° C  a n d  2 9 ° C  a t  1 2 0 0  G M T  r e s p e c t i v e l y .  T h e  r e l a t i v e  h u m i d i t y  
K q u i t e  h i g h  ( 7 7 % - 9 0 % )  i n  T r i v a n d r u m .  T h e  a v e r a g e  t e m p e r a t u r e  i n  A p r i l  a n d  M a y  a r e  
' - X ' C :  a n d  2 7 ° C  a t  b o t h  0 0 0 0  G M T  a n d  1 2 0 0  G M T  r e s p e c t i v e l y .  T h e  p e a k  m o n s o o n
N  C  M o rn la l, A B B l m t t a c l u i n a  a n d  S  K  S a r k a r6 4 4
m o n t h s  a r c  M a y ,  J u n e ,  J u l y ,  O c t o b e r  a n d  N o v e m b e r  i n  T r i v a n d r u m  a n d  t h e  t o t a l  r a m  j a | |  
d i n i n g  t h e s e  m o n t h s  a r c  - 2 4 8  m m ,  3 3 1  m m ,  2 1 3  m m ,  2 7 1  m m  a n d  2 0 7  m m
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I1 ig u iT  2. P io lu tu liiv  itis iiih im on ol 0 isn ihcim  heit:hi tlum ifj t l i l k in u  seasons o \u  Mumha1
T h e  l e s u l l s  o n  0  C  i s o t h e r m  h e i g h t  o v e r  M u m b a i  l o c a t e d  i n  I n d i a n  w e s t  c o a s t  ate 
s h o w  n m  F i g u i e  2 .  T h e  0 nC  i s o t h e r m  h e i g h t  d i s t r i b u t i o n s  d i n i n g  s u m m e r  a n d  monsoon 
m o n t h s  i n d i c a t e  t h a t  t h e  O' C  i s o l h e i m  h e i g h t  v a r i e s  1' i o m  - 2  9 8  k m  t o  5  2 5  k m  d u r i n g  
s u m m e r ,  w h i l e  d u i  m g  m o n s o o n  ( ) ° C  i s o t h e r m  h e i g h t  v a n e s  b e t w e e n  - 3  5 5  k i n  a n d  5  5 8  k m  
T h e  (I T  i s o h e i m  h e i g h t  i s  f o u n d  t o  h e  m i n i m u m  d u r i n g  w i n t e r  m o n t h s  a n d  m a x i m u m  m 
m o n s o o n  T h e  m o n t h s  o f  D e c e m b e r .  J a n u a r y  a n d  F e b r u a r y  c o n s t i t u t e  w i n t e i  w h i l e  
M a i  e h ,  A p r i l  a n d  M a y  l o r m  t h e  s u m m e r  a n d  J u n e ,  J u l y  a n d  A u g u s t  c o n s t i t u t e  m o n s o o n  
s e a s o n s  i n  M u m b a i  H o w e v e r ,  w i n t e r  i s  m i l d  i n  M u m b a i  a s  c o m p a r e d  t o  t h e  stations 
l o c a t e d  i n  I n d i a n  n o t  t h e m  p l a i n s  T h e  a v e r a g e  t e m p e r a t u r e  i n  M u m b a i  d u r i n g  D e c e m b e r ,  
J a n u a r y  a n d  F e b r u a r y  i s  - 2 2 ° ( \  2 ( ) ° C  a n d  2 1 UC  a t  0 0 0 0  G M T  a n d  - 2 8 ' C \  2  7 C  a n d  2 8  C a t  
1 2 0 0  G M T ,  r e s p e c t i v e l y .  T h e  v a l u e s  o f  a v e r a g e  i c l a t i v e  h u m i d i t y  d u r i n g  D e c c i i i b e i .  
J a n u a r y  a n d  F e b r u a r y  a i e  6 2 % ,  6 3 %  a n d  6 1 %  a t  0 0 0 0  G M T  a n d  it i s  5 0 % ,  4 8 %  a n d  4 5 '  < 
a t  1 2 0 0  G M T  r e s p e c t i v e l y .  T h e  s u m m e r  m o n t h s  a n d  w i n t e r  m o n t h s  a r e  a s s o c i a t e d  w i t h  
h u m i d i t y  a r o u n d  6 0 % t o  7 0 % .  T h e  a v e r a g e  l e i n p e r a l u i e  i n  A p r i l  a n d  M a y  i s  2 8 " C  a n d  3 0  C 
a t  0 0 0 0  G M T  a n d  it  i s  3 0 ° C  a t  1 2 0 0  G M T  i n  b o t h  t h e  m o n t h s .  I t  i s  a l r e a d y  m e n t i o n e d  th a t  
t h e  m o n s o o n  m o n t h s  a r e  J u n e ,  J u l y  a n d  A u g u s t  i n  M u m b a i .  T h e  t o t a l  r a i n l a l l  o u * i  
M u m b a i  d u r i n g  t h e s e  m o n t h s  a r c  f o u n d  t o  b e  - 6 4 7  m m ,  9 4 5  m m  a n d  6 6 0  m m  a n d  an  
a p p r e c i a b l e  r a i n f a l l  ( 3 0 9  m m )  t a k e s  p l a c e  i n  S e p t e m b e r  a l s o  T h e  s e a s o n a l  v a r i a t i o n  ol  
0 ‘ C  i s o t h e r m  h e i g h t  s u g g e s t s  t h a t  t h e  0 ° C  i s o t h e r m  h e i g h t  i s  d e p e n d e n t  o n  local 
m e t e o r o l o g i c a l  c o n d i t i o n s .
S o m e  m o r e  r e s u lts  o n  0 ° C  is o th e rm  h e ig h t  e tc 645
T h e  p r o b a b i l i t y  d i s t r i b u t i o n  o f  0 ° C  i s o t h e r m  h e i g h t  f o r  d i f f e r e n t  p e n o d s  i n c l u d i n g  
d i m m e r ,  m o n s o o n ,  w i n t e r  a n d  a l l  m o n t h s  o v e r  G u w a h a t i  a r e  p r e s e n t e d  i n  F i g u r e  5 It i s  
s l v n  l i ' o m  F i g u r e  3  t h a t  t h e  ( F ’C  i s o t h e r m  h e i g h t  d u r i n g  a l l  m o n t h s  v a n e s  l i o m  - 2  5 0  k m  t o  
S 30 k m  b e t w e e n  t h e  p r o b a b i l i t y  l e v e l s  l . 5 (7e a n d  9 9  9 9 c7 .  T h e  ( V C  i s o t h e r m  h e i g h t  is  
, i i o i m d  ~ 4  3 0  k m  a t  5 0 9 f  p r o b a b i l i t y  l e v e l  o v e r  G u w a h a t i .  T h e  ()'" C  i s o t h e i m  h e i g h t  i s  ( o u i u l  
h , b e  m i n i m u m  d u r i n g  w i n t e r  p e r i o d s ,  w h i l e  it  i s  f o u n d  t o  b e  m a x i m u m  d u r i n g  m o n s o o n  
n i o n i h s  T h e  0  C i s o t h e r m  h e i g h t  i s  f o u n d  t o  v a r y  b e t w e e n  - 2 . 9 0  k m  a n d  5  10 k m  h o r n  l ‘ < 
<)o lW  ( p r o b a b i l i t y  l e v e l s  d u r i n g  p r e m o n s o o n  m o n t h s  I t  i s  t h u s  s e e n  t h a t  t h e  v a r i a t i o n  u l  
, . m i  h e i g h t  o v e r  C i u w a h a t i  d u r i n g  s u m m e r  m o n t h s  i s  a p p r e c i a b l e  T h e  i c s u l t s  o n  0 ( ’ 
v h e i g h t  r e p o r t e d  h e r e  a i e  u s e f u l  t o  e s t i m a t e  t h e  t o t a l  a t t e n u a t i o n  o v e r  e a r t h  s p a c e
iM ih  m  t h e  I ' r e q u e n c i c s  v a i y m g  f r o m  1 0  G H / ,  t o  4 0 0  G H /
Figure 3. Piohahiluy dismhuiiun of 0°(’ isoiheiin liciglii iIuiiiil’ ililli/u-m seasons o\i i 
Guwahaii
T h e  s u m m e r ,  w i n t e r  a n d  m o n s o o n  a r e  w e l l  d e f i n e d  o v e r  G u w a h a t i  T h e  p e a k  
s u m m e r  m o n t h s  o v e r  G u w a h a t i  a r e  A p r i l  a n d  M a y .  T h e  a v e r a g e  l e m p e i a i i n e  is - 2 6  C a n d  
2 7  C  a t  0 0 0 0  G M T  i s  A p r i l  a n d  M a y  r e s p e c t i v e l y ,  w h i l e  it is ~ 2 9 ° C  a t  1 2 0 0  G M T  i n  b o t h  
t h e  m o n t h s  A p r i l  a n d  M a y  T h e  w i n t e r  i s  n o r m a l  i n  G u w a h a t i  T h e  a v e r a g e  t c m p e i a t u r e  
m  D e c e m b e r ,  J a n u a r y  a n d  F e b r u a r y  d u r i n g  e a r l y  m o r n i n g  i s  - I 7 ' C .  I 6 C a n d  I S  C 
T h e  m o n s o o n  o v e r  G u w a h a t i  i s  a l s o  n o r m a l .  T h e  t o t a l  r a i n f a l l  o v e r  G u w a h a t i  is 2 7 6  m m .  
151 m i n ,  3 7 3  m m  a n d  2 9 4  m m  i n  M a y ,  J u n e ,  J u l y  a n d  A u g u s t  l e s p e c l i v c l y
T h e  p r o b a b i l i t y  d i s t r i b u t i o n s  o f  0 ° C  i s o t h e r m  h e i g h t  o b s e r v e d  d u r i n g  d . l f e i e n l  
s e a s o n s  e.g. s u m m e r ,  m o n s o o n  a n d  w i n t e r  o v e r  L u c k n o w  a r e  p i e s e n t c d  i n  I i g u i c  4  It is  
s e e n  t h a t  t h e  0 ° C  i s o t h e r m  h e i g h t  v a n e s  f r o m  - 2 . 5 0  k m  t o  5 . 2 5  k m  a t  5 0 7 r  p r o b a b i l i t y  l e v e l .  
T h e  ( )UC  i s o t h e r m  h e i g h t  i s  m a x i m u m  d u r i n g  m o n s o o n  a n d  m i n i m u m  in  w i n t e r  I t  i s  a l s o
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s e e n  i h i l l  i h e  v a r i a t i o n  o l  ( ) tJC  i s o t h e r m  h e i g h t  i s  n o t  a p p r e c i a b l e  d u r i n g  m o n s o o n  m o n t h s  
w h i l e  t h e  v a r i a t i o n s  a r e  s i g n i f i c a n t  d u r i n g  p r e m o n s o o n  a n d  w i n t e r  m o n t h s .
I 'ij» n r i 4. I'm b .ib ih l\ il is lu lu ilm n  nl ( V f  isolhi’ im  h u j'l i l i l i i i in 1’ 11111riolH m c i 1 in Kim ".
T h e  s u m m e r  a n d  w i n t e r  a r e  s e v e r e  a n d  m o n s o o n  i s  n o i m n l  m  L u c k n o w .  T h e  a \ e i a i \  
t e m p e r a t u r e  i n  A p r i l ,  M a y  a n d  J u n e  a r e  ~ 2 H " ( . \  3 2 “ C  a n d  3 2  C  a t  ()()()()  G M T  a n d  W  ( 
3 1) ' ( '  a n d  3 7 r G  a t  1 2 0 0  G M T  r e s p e c t i v e l y  T h e  w i n t e r  i s  s e v e r e  i n  L u c k n o w  T h e  
u \ e i a g e  t e m p e r a t u r e s  a i e  1 2  C .  l 2 r C  a n d  1 5  C  a t  0 0 0 0  G M T  a n d  1 9 f’C ,  IO  C  a n d  2 4  C at 
1 2 0 0  G M T  i n  D e c e m h e i ,  J a n u a r y  a n d  F e b r u a r y  r e s p e c t i v e l y .  T h e  t o t a l  r a i n f a l l  i n  m o n s o o n  
m o n t h s  ( J u l y  a n d  A u g u s t )  a r e  - 3 3 8  m m  a n d  3 2 9  m m .
3 .  D e t e r m i n a t i o n  o f  s p e c i f i c  a n d  t o t a l  a t t e n u a t i o n  b y  C C T R  m e t h o d
T h e  a s s u m p t i o n s  o f  m i c r o s t r u c t u r e  o t  r a m l a l !  s u c h  a s  s i / e  d i s t r i b u t i o n ,  l e m p c r a u n e  
l e i m m a l  v e l o c i t y  a n d  s h a p e s  o f  r a i n  d r o p s  a i e  v e r y  i m p o r t a n t  f o i  t h e  e s t i m a t i o n  o f  s p e u l k  
a t t e n u a t i o n  a t  a  p a r t i c u l a r  f r e q u e n c y  t o r  d i f f e r e n t  i a m  K i t e s ;  T h i s  i s  h e e a u s e .  s p e u l n  
a t t e n u a t i o n  s t r o n g l y  d e p e n d s  o n  L h e s e  p a r a m e t e r s .  T h e  r e l a t i o n  b e t w e e n  t h e  s p e u l n  
a t i e n u a l i o n  ( a )  . m i l  r a i n  r a l e  (R) f o r  p r a c t i c a l  p u r p o s e s  i s  g i v e n  b y  t h e  f o l l o w i n g  w e l l  k n o w n  
p o v \ e r  l a w '  [ 5 |
a(R)  =  uR h .
w h e i e  u a n d  b a r e  I h e  c o n s t a n t s  d e p e n d i n g  o n  t h e  f r e q u e n c y .
A s s u m i n g  t h a t  t h e  d r o p s  a r c  s p h e r i c a l ,  t h e  v a l u e s  o f  a, b w e r e  c a l c u l a t e d  b y  O l s ^ ' i  
(> id | 5 |  a t  a  n u m b e r  o l  f r e q u e n c i e s  b e t w e e n  I G H /  a n d  1 0 0 0  G H /  f o r  s e v c i a l  d m p
S o m e  m o re  re s u lts  on  0 ° C  iso th e rm  h e ig h t e tc 647
t e m p e r a t u r e  a n d  d r o p  s i / . c  d i s t r i b u t i o n .  T h e  v a l u e s  o f  a a n d  b h a v e  b e e n  e s t i m a t e d  b y  
assuming t h e  r a i n  d r o p s  t o  b e  o b l a t e  s p h e r o i d a l  a l i g n e d  w i t h  a  v e r t i c a l  r o t a t i o n  a x i s  w i t h  
dimensions r e l a t e d  t o  e q u a l  v o l u m e  s p h e r i c a l  d r o p s  [61. T h e  v a l u e s  o f  a a n d  h f o r  h o r i z o n t a l  
and v e r t i c a l  p o l a r i s a t i o n s  g i v e n  b y  N o w l a n d  et al [7 J a r e  p r e s e n t e d  i n  T a b l e  2. N o w  t o r
Table 2. Values ot n//, «v. bn and
F r e q u e n c y hH
G H / .
1 0 0 0 0 3 8 7 0 0 0 0 0 3 3 2 9 1 2 x x o
2 0 0 0 1 3 4 0 0 0 1 3 8 9 6 3 9 2 3
4 0 0 0 6 3 0 0 0 0 3 4 , 1 121 1 0 7 3
6 0 0 1 7 3 0 0 1 3 3 1 30X 1 2 6 3
1 0 0 3 0 1 0 0 2 6 3 1 3 32 1 3 1 2
X 0 0 4 3 4 0 0 3 9 3 1 3 2 7 1 3 1 0
10 0 1 0 1 0 0 8 X 7 1 2 7 6 1 2 6 4
1 3 0 3 6 7 0 3 3 3 1 1 3 4 1 1 2 8
2 0 0 7 3 1 0 6 9 1 1 0 9 9
1 0 6 3
2 3 1 2 4 1 13 1 0 M 1 0 3 0
3 0 1X7 1 6 7 1 0 2 1 1 0(K )
3 3 2 6 3 2 3 3
9 7 9 9 6  3
4 0 3 3 0 3 1 0 9 3 9
9 2 9
4 3 4 4 2 3 9 3 4 0 3 X 47
3 0 3 3 6 4 7 9
8 7 3 86X
6 0 7 0 7 6 4 2
8 2 6 X 2 4
7 0 8 3 1 7 X 4
,7 4 3 7 9 1
X 0 4 7 3 110 6
7 6 4 7 6 4
0 0 1 0 6 9 9 9
7 3 3 7 3 4
1 0 0 1 12 1 0 6
7 4 3 7 4 4
1 2 0 1 IX 1 13
7 3 1 7 3 2
1 3 0 1 31 1 2 7
7 1 0 7 1 1
2 0 0 1 4 3 1 4 2
6 X 9 6 9 0
3 0 0 1 .3 6 1 3 3
6 8  X 6X 4
4 0 0 1 3 2 1 .31
6 8 3 6 8 4
d i l l c r c n t  m e a s u r e d  r a m  r a t e ,  t h e  s p e c i l i c  a t t e n u a t i o n s  a r e  c a l c u l a t e d  
h e q u c n c i e s  r a n g i n g  b e t w e e n  I G H z  a n d  4 0 0  G H z .  T h e  n o n - u n i f o i n i t t y  o l  l a i n f a  
l i o n / o n t a l  a n d  v e r t i c a l  d i r e c t i o n s  m a k e s  t h e  e v a l u a t i o n  o f  a t t e n u a t i o n  a l o n g  e a r t h  s p a c e  
p a t h  c o m p l e x .  T h e  m o d e l  f o r  t h e  s l a n t  p a t h  s u g g e s t s  t h a t  t h e  r a m  r a t e  ( « )  e x c e e d e d  
t o r  P% o f  t i m e  a t  g r o u n d  l e v e l  o c c u r s  f o r  t h e  s a m e  p e r c e n t a g e  o f  l i m e  u p t o  t h e  h e i g h t  ( i « ) .  
c a l l e d  t h e  r a i n  h e i g h t  [ 8 , 9 ] .  I t  i s  a l s o  a s s u m e d  t h a t  t h e  a t t e n u a t i o n  d u e  t o  r a m  d o e s  n o t  
o c c u r  a b o v e  Hr.
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T h e  C C I R  m e t h o d  o f  c a l c u l a t i o n  o f  t o t a l  a t t e n u a t i o n  a l o n g  t h e  s l a n t  p a t h  i s  g i v e n  b v  
C C I R  [ 8 , 9 ]
A r = a ( R ) L e,
w h e r e  Ar i s  t h e  a t t e n u a t i o n  e x c e e d e d  f o r  P% o f  t i m e ,  a  t h e  s p e c i f i c  a t t e n u a t i o n  a n d  Le t h e  
e f f e c t i v e  p a t h  l e n g t h  g i v e n  b y
w h e r e ,  rp i s  t h e  r e d u c t i o n  f a c t o r  a n d  i s  g i v e n  b y  
9 0
' ' '  9 0  + C p L n
a n d  =  (H,  -  H 0 ) / s i n 0 .
H e r e ,  H, i s  t h e  0 UC  i s o t h e r m  h e i g h t  a n d  HQ i s  t h e  s t a t i o n  h e i g h t  a b o v e  m e a n  s e a  l e v e l  w h i c h  
h a s  b e e n  t a k e n  a s  0  f o r  t h e  p r e s e n t  s t u d y .  T h e  v a l u e s  o f  Cp a s  g i v e n  i n  t h e  C C I R  [ 8 ], a r e  9 , 
4 ,  0 . 5  a n d  0  r e s p e c t i v e l y  l o r  r a i n s  o c c u r r i n g  f o r  0 . 0 0 1 % ,  0  0 1  % ,  0 . 1 % a n d  Vh o f  t i m e .  T h e  
p a r a m e t e r  C (;  i s  t h e  h o r i z o n t a l  p r o j e c t i o n  o f  t h e  s l a n t  p a t h .
Distribution of specific attenuation :
T h e  s p e c i f i c  a t t e n u a t i o n  a t  d i f f e r e n t  f r e q u e n c i e s  f o r  d i f f e r e n t  r a i n  r a t e s  i s  e s t i m a t e d  
T h e  s p e c i f i c  a t t e n u a t i o n  a t  3 0  G H z ,  1 0 0  G H z ,  1 5 0  G H z ,  2 0 0  G H /  a n d  3 5 0  G H z  a r e  1 7 ,  2 7
c
i
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Figure 5. V a r i a t i o n  o f  s p e c i f i c  a t t e n u a t io n  fo r  
d i f f e r e n t  r a in  r a t e s  a t  d i f f e r e n t  f r e q u e n c i e s
3 1 ,  3 0  a n d  2 8  d B / k m  r e s p e c t i v e l y  f o r  a  r a i n  r a t e  o f  1 0 0  m m / h .  I t  m e a n s  t h a t  a s  t h e  
f r e q u e n c y  i n c r e a s e s  t h e  s p e c i f i c  a t t e n u a t i o n  a l s o  i n c r e a s e s .  T h e  a f o r e s a i d  f r e q u e n c i e s  l i e  in 
t h e  w i n d o w  r e g i o n s .  T h e  r a n g e s  o f  w i n d o w s  a r e  2 4 - 4 8  G H z ,  7 0 - 1 0 0  G H z ,  1 2 0 - 1 6 6  G H z .  
1 9 0 - 3 0 0  G H z  a n d  3 5 0 - 4 0 0  G H z .  I t  i s  s e e n  f r o m  F i g u r e  5  t h a t  t h e  s p e c i f i c  a t t e n u a t i o n  
i n c r e a s e s  w i t h  i n c r e a s e  o f  r a i n  r a t e  a n d  f o l l o w s  a l m o s t  a  f l a t  c u r v e  b e y o n d  1 0 0  G H z  t o r
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e a c h  o t  t h e  i n d i v i d u a l  r a i n  r a t e s .  T h i s  i s  d u e  t o  t h e  T a c t  t h a t  t h e  r a i n  d r o p s  w h i c h  a r e  
responsible f o r  l a r g e  a t t e n u a t i o n ,  f a i l  t o  f o l l o w  t h e  a l t e r n a t i o n s  o f  t h e  e l e c t r i c  f i e l d  w h i c h  
a r e  v e r y  f a s t  a t  h i g h e r  f r e q u e n c i e s .
4. Estimation of rain attenuation by using 0nC -isotherm height and rain rate 
measurements
T h e  r a i n  i m p o s e s  s e r i o u s  l i m i t a t i o n s  o n  t h e  p e r f o r m a n c e  o f  c o m m u n i c a t i o n  l i n k  a n d  r a d a r  
p i o p a g u l i o n  i n  m i c r o w a v e  a n d  m i l l i m e t e r  w a v e  l r e q u c n c y  b a n d s  T h e  e f f e c t s  i n c r e a s e  a s  t h e  
l i c q u e n c y  i n c r e a s e s .
T h e  r e s u l t s  o n  a t t e n u a t i o n  o f  t h e  r a d i o w a v e  d u e  t o  r a m  a t  f i ^ e  f r e q u e n c i e s  i n  t h e  
u n g c  - 1 0  G H z  t o  4 0 0  G H z  o v e r  C a l c u t t a  f o r  e a r t h  s p a c e  p a t h s  h a v e  b e e n  e s t i m a t e d  T h e  
k s u i t s  o n  a t t e n u a t i o n  a t  f i v e  f r e q u e n c i e s  h a v e  b e e n  o b t a i n e d  f r o m  r a i n  r a t e  m e a s u r e m e n t s  
a n d  r a m  h e i g h t s .  T h e  r a i n  r a t e  m e a s u r e m e n t s  a r e  t a k e n  b y  a  r a p i d  r e s p o n s e  r a i n  g a u g e  a n d  
lain h e i g h t  i s  e s t i m a t e d  i n  r e l a t i o n  t o  0 ° C  i s o t h e r m  h e i g h t .  T h e  d a t a  o n  r a i n  r a t e  p e r t a i n  t o  
t h e  p e r i o d  1 9 8 8 - 9 1 .
T h e  d i s t r i b u t i o n  o f  r a m  r a l e s  o b s e r v e d  a t  0  1 % ,  0  0 1 %  a n d  0 . 0 0 1 %  d u r i n g  a l l  m o n t h s  
a i e  ~ 8() m m / h r ,  1 2 0  m m / h r  a n d  1 8 5  m m / h r .
H e r e ,  0 . 1 %  p r o b a b i l i t y  l e v e l  s u g g e s t s  t h a t  f o r  0  1 %  o f  t h e  t i m e ,  i n c l u d i n g  n o n - i a i n y  
p e n o d .  r a i n  r a t e  8 0  m m / h  i s  e x c e e d e d  i n  a  y e a r .  S i m i l a r l y ,  0 . 0 1  %  p r o b a b i l i t y  l e v e l  
i n d i c a t e s  t h a t  f o r  0 .0 1 %  o f  t h e  t i m e ,  r a i n  r a t e  e x c e e d s  f o r  120 m m / h  a n d  0 .0 0 1 %  o f  l i m e  
s u g g e s t s  t h a t  t o r  0 . 0 0 1 %  o f  t i m e  r a m  r a t e  1 8 5  m m / h  i s  e x c e e d e d  i n  a  y e a r  i n c l u d i n g  n o n  
u m y  p e r i o d
T h e  p r o b a b i l i t y  l e v e l s  a l s o  s u g g e s t  t h a t  f o r  0 . 0 0 1 %  o f  t i m e  i.e , r a i n  f a l l  w i t h  h i g h  
u i i e n s i t y  o c c u r s  f o r  s h o r t  p e r i o d  i n  a  y e a r  S i m i l a r l y ,  0 . 1 %  i n d i c a t e s  t h a t  r a i n f a l l  w i t h  
m o d e r a t e  i n t e n s i t y  o c c u r s  f o r  m o r e  t i m e  i n  a  y e a r .
B a s e d  o n  t h e  o b s e r v e d  r a i n  r a l e s  a n d  r a i n  h e i g h t  m  r e l a t i o n  t o  ( ) ° C  i s o t h e r m  h e i g h t s ,  
t h e  r e s u l t s  o n  a t t e n u a t i o n  o f  r a d i o w a v e  d u e  t o  l a i n  f o r  0 . 1%-. 0  01 % a n d  0  001 %  o f  t h e  t i m e  
o \ c i  C a l c u t t a  h a v e  b e e n  d e r i v e d  b y  u s i n g  t h e  C C I R  [6 , 8 J m e t h o d .  T h e  a t t e n u a t i o n  v a l u e s  
o \ c i  C a l c u t t a  f o r  8 0  m m / h r  w h i c h  e x c e e d s  t o r  0 . 1 %  o f  t i m e  i s  f o u n d  t o  b e  ~ 8 0  d B  a t  
^0 G H z  I t  i s  s e e n  t h a t  t h e  m e a s u r e d  r a i n  r a t e  - 1 2 0  m m / h r  e x c e e d s  f o r  0  0 1 %  o l  t i m e  o v e r  
C a l c u t t a  a n d  t h e  a t t e n u a t i o n  v a l u e  a t  0  0 1 %  o f  l i m e  i s  - 1 0 0  d B .  T h e  r e s u l t  o n  a t t e n u a t i o n  
l o r  r a m  r a t e  - 1 8 5  m m / h r  o v e r  C a l c u t t a  h a s  a l s o  b e e n  o b t a i n e d .  S u c h  r a i n  r a l e  e x c e e d s  l o r  
0 . 0 0 1  % o f  l i m e .  T h e  a t t e n u a t i o n  v a l u e  a t  - 3 0  G H z  i s  f o u n d  t o  b e  - 1 3 2  d B .
T h e  r e s u l t s  o n  a t t e n u a t i o n  a t  S O  G H z ,  1 4 0  G H / ,  2 5 0  G H z  a n d  3 8 0  G H z  h a v e  a l s o  
b e e n  e s t i m a t e d  f o r  0 . 1 % .  0 . 0 1 % .  a n d  0 . 0 0 1 %  p r o b a b i l i t y  l e v e l s .  T h e  d e t a i l s  o t  t h e  r e s u l t s  
n i  a t t e n u a t i o n  a r c  p r e s e n t e d  i n  T a b l e  3 .  I t  i s  s e e n  t h a t  t h e  a t t e n u a t i o n  v a l u e  i n c r e a s e s  u p t o  
G ( )  G H z  a t  a l l  p r o b a b i l i t y  l e v e l s .  T h e  e s t i m a t e d  v a l u e s  o t  a t t e n u a t i o n  a t  1 4 0  G H z  f o i  0  1 %  , 
0  01%  a n d  0 . 0 0 1 % .  l e v e l s  a r e  1 6 5  d B .  1 9 0  d B  a n d  2 1 5  d B  r e s p e c t i v e l y  w h i l e  t h e  a t t e n u a t i o n  
' “ l u e s  a t  3 8 0  G H z  a r e  1 1 0  d B ,  1 6 0  d B  a n d  1 8 0  d B  t o r  0 . 1 % ,  0 . 0 1 % /  a n d  0 .001 %  p r o b a b i l i t y  
■vs p e c  l i v e l y .
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Table 3. Results on attenuation for earth-space path at different frequencies over Calcutta
Fi equency
Piobabihty levels 
Rain lale
0 1%
80 mm/h
Attenualion
0 01%
120 mm/h
0 001%
185 mm/h
30 GHz 80 dH 100 dB 132 dB
80 GHz 160 dB 180 dB 210 dB
140 GHz 165 dB 190 dB 215 dB
250 GHz 150 dB 170 dB 200 dB
.380 GHz 110 dB 160 dB 180 dB
5. Conclusion
T h e  r e s u l t s  o n  ( ) ° C  i s o t h e r m  h e i g h t  w h i c h  i s  a  m e a s u r e  o f  r a i n  h e i g h t  r e p o r t e d  i n  lhi\ p a p e r  
o v e r  d i f f e r e n t  s t a t i o n s  i n  I n d i a  c a n  b e  u t i l i z e d  f o r  e s t i m a t i o n  o f  a t t e n u a t i o n  o f  r a d i b w a v e  
d u e  t o  r a i n  o v e r  e a r t h  s p a c e  p a t h s .  T h e  d i s t r i b u t i o n  o f  0 ° C  i s o t h e r m  h e i g h t  o v e r  d i f f e r e n t  
s t a t i o n s  a n d  s e a s o n s  i n d i c a t e s  t h a t  0 ° C  i s o t h e r m  h e i g h t  s t r o n g l y  d e p e n d s  o n  l a t i t u d e s  a n d  
l o c a l  w e a t h e r  c h a r a c t e r i s t i c s .  S u c h  i n v e s t i g a t i o n s  f o r  m o r e  n u m b e r  o l  I n d i a n  l o c a t i o n s /  
s t a t i o n s  u n d e r  v a r i e d  m e t e o r o l o g i c a l  c o n d i t i o n s  s h o u l d  t h e r e f o r e  b e  u n d e r t a k e n .
References
( 11 S K Sarkai. M V S N Prasad and 11 N Dulta Indian J Phvs.  7011 9 ( 1996)
*(21 G O A)ayi and P A Odunewu Pr o t  hi t . Conf  on Antenn a ant i  P r o p a g a t io n  (IEE, UK) ( I98LM 
[31 R K Ci ane H a n s  IEEE Comm Un  28 1717 (1980)
(41 M P M  Hall Inst i tut ion of  E le c t r i c a l  E ng in e e r  (London Peler Pregnnus) (1979) 
f5| R L Olsen. D V Rogers and B 17 Hodge I EEE  Turns  AP-26 318 (1978)
| 0 ]  CCIR Report 7 2 1 — 1 .  A tt e nu a t io n  b y  H y d r o m e t e o r s  in P a r t i c u la r  P r e c ip i t a t i o n  a n d  other A tn a n p h n i i  
P a r t i c l e s  (1990)
[71 W L Nowland, R L Olsen and I P Shkarofsky Elec tronu  \ Lett  13 676 (1977)
[81 CCIR Report 564-3, Propagation Data and Prediction Methods Required fo r Earth Spate 
Telecommunication Systems (1986)
|9] G O A|ayi and L H Kolawole hit  J. In fra re d a n d  M i l l im e te r  W ave s  5 919 (1984)
